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NOLTR T3-163 1 July 1973

HNS/Teflon, A Nev Heat-Resistant Explosive

(U} This report describes work conducted for the Lyndon B. Johnson
Space Center, Houston under Task NOL-998/NASA. As part of this
program a new explosive composition, HNS/Teflon (90/10), was

developed for use in the active seismic experiments in both the

APOLLO Active Lunar Seismic Experiments Peckege (ALSEP) and the Lunar
Seismic Profiling Experiments (LSPE). This report describes the
davelopment, testing, proverties and performance of HNS/Teflon charges
and should be of interest tc engineers and scientists who require
explosives that must withstand hostile envircmnments.

(U) HES is one of a series of heat-resistant explosives synthesized
at the Naval Ordnance Laboratory, as part of an active and continuing
program with the objJective 02 studying the chemistry of nitro com-
pounds and synthesizing new explosive compcunds with improved
properties, under Task MAT 03L-000/ZR00-001-010 entitled Explosives
Chemistry (Independent Researcu) .

ROBERT WILLIAMSON II -
Captain, USN
Commander

Vo)
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By direction
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1. Introduction

Explosives perform a number of various functions in military
and aerospace systems. For the Apollo program, NASA developed an
Apollo Lunar Surface Experiments Package (ALSEP) containing seven
experiments, six of which involved passive detection of luaar
pPhenomena. The seventh was an active seismic experiment with the
objective of measuring the geophysical properties of the lunar crust
by detonating explosive charges on the moon's surface and measuring
the velocity of the resulting seismic waves. Later on in the Apollo
program a similar experimental package called the Lunar Seismic
Profiling Experiment (LSPE) was developed. The Naval Ordnance
Laboratory was requested to recommend an explosive which could be
expected to survive the unusual envircnmental requirements of long
term storage on the lunar surface.

2. Explosive Requirements

The following explosive properties were considered to be
desirable for this application:

a. Safe to handle and use.

b. Ability to survive lunar temperatures from
100 to 400°K but realistically from -60 to 127°C
in ‘an insulated package for at least one year.

¢. Low volatility under the temperature conditions
stated in (5) above and pressures which_might
range from 213.23 x 10-11 to 13.33 x 10°13 N/m?2
(10-12 to 10-1k vorr).

d. Capable of being pressed to high density and
then machined to fit into the grenade case.

e. Ability to withstand expected shock and vibration
during earth launch, lunar landing and emplace-
ment. Launch and flight conditions are relatively
mild but accelerations from 98 to 118 m/s? might
be expected if a poor moon landing was made.

f. Explosive output about the same as TNT.

€. Unaffected by anticipated lunar radiation levels.

h. Capable of reliable initiation with available
initiator systems.

i. Material availability within a reasonable time
span.

3. Explosive Selection

Over the past 15 years NOL chemists have synthesized a large
number of thermally-stable nitroaromatic explosive compounds.
Properties of the more promising compcunds are listed in reference (1).
Based on the requirements shown in 2. above, five nitrocompounds were
considered for this application: cyclotrimethylenetrinitramine (RDX),
cyclotetramethylenetetranitramine (B-HMX), 1.,3-diamino-",l4,6~-trinitro-
benzene (DATB), 1,3,5-triamino-2,L4,6-trinitrobenzene (TATB), aad
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2,2' 4,4 6,6'-hexanitrostilbene (HENS). The properties of these
compounds are summarized in Table 1.

The vapor pressiures of the five candidate explosives were
measured at elevated temperatures in. the range of 1.33 x 10-3 to .
1.33 x 10-T N/m2. The Langmuir method was used for the determination
of vapor pressures from measurements of the rates of sublimation at
constant temperature. Vapor pressures were computed from the
observed weight loss of the sample heated in a vacuum. The expression
used was:

P(nN/m?) = 2.285 x G x (7/M)1/2

vhere G is the weight loss in g/cmz/sec, T is the absolute temperature
and M is the molecular weight (reference 2).

The vapor pressures of “he five explosive compounds at wvarious
temperatures are summarized in Table 2. The data in Table 2 eclearly
demonstrates that HNS is superior in resistance to ublimation at
elevated temperatures and low pressures. Fine crystalline material
(2 - 10u) as obtained from the synthesis reaction is called HNS-I.
HNS-II is a larger particle size (100 - 200u) of higher bulk density
obtained by recrystallization of HNS-I. The designation, HNS, in
this report refers only to form II.

4. Binder Selection

Tkhke principal concern in the use of HNS in the ALSEP grenadsz
was its impact sensitivity. HNS had previously been considered to
be a booster explosive since its impact sensitivity was in the same
range as tetryl. However, on the basis of previous experiepnce with
other explosive compounds it was believed that the additior of about
10% of an inert polymer to HNS would provide enough desensitization
to raise theimpact sensitivity to at least the Comp B level. 1In
addition, the polymer would aid in the pressing and compaction of
high density charges and improve the mechanical properties and
machinability of the pressed charges.

A program was initiated to find a suitable binder for HNS which
would result in a PBX with the following desirable properties:

a. The pressed PBX should be thermally stable
and retain a major portion of its physiceael
properties at the maximum temperature encountered.

b. There should b no appreciable chemical inter-
action hetween HNS and the binder at elevated
temperatures.

¢c. The PBX should be capable of being pressed to
high density (~98% TMD).

d. The bind:r should possess some degree of flexibility
to enable the PBX to withstand volume ~hanges without
cracking due to rapid temperature chan: 2.
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€. The pressed PBX charger should be capable of
being machined into various shapes to a
volerance of about %0.0025 cm. The machined
cnarge should be strong enough to withstand
the handling involved in the manufacture and
assembly of the grenade rackage.

In a previous program a number of polymers were evaluated for
usc as binders for DATB (reference 3). The results obtained in this
program provided valuable guidelines for selecting & binder for HNS.
In the DATB program a wide variety of commercial thermosetting and
thermoplastic resins were evaluated. It was concluded that PBX's
made with thermoplastic binders were easier to process on a large
scale with conventional equipment

The properties ¢f the three hest DATB PBX systems are summarized
in Table 3. Of these, Teflon* was chosen as the superior binder.
The excellent strength and machining properties obtained with a
pressed PBX using powdered Teflon as a binder were unexpected.
Normally, Teflon coatings or pressed compacts must be heated to the
sintering temperature (360 - 400°C) in order to form dense, strong
coatings or shapes. 1In this instance, the Teflon/explosive molding
powder was pressed at ambient temperature since the softening point
of Teflon is above the decomposition temperature of the explosive.
Equally unexpected was the ability of the Teflon-bonded PBX to
withstand severe thermal shock without cracking in the cycling tests.
Part of the explanation may lie in the fibrous nature of the Teflon
particles. During the pressing operation the individual particles
mey lock together to fo.m a strong compact.

5. HNS Binder Selection

A aumber of polymers, including the three found most suitable
in the DATB program, were evaluated. These are listed and identified
in Table 4. The first step in screening a plastic binder for HNS was
to investigate methods for combining binder and explosive to> form a
molding powder suitable for pressing.

If the binder was insoluble in water but soluble in an organic
water-miscible solvent then:

a. The HNS was suspended in water and the plastic
solution added to the slurry, where the polymer pre-
cipitated. Or:

b. The HNS was suspended in the polymer sclu‘tion and
water was added to precipitate the polymer onto the HNS.

If the polymer solvent was immiscible in water, the HNS was
suspended in water and the polymer solution was slowly added while

*Teflon is a registered tradename of E. I. DuPont DeNemours and
Company for polytetrafluoroethylene.

3
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heat was applied to drive off the volatile solvent. The objective
was to coat or encapsulate the HNS crystals<with piastic binder.

If the polymer was soluble in water the HNS was mixed in an
organic solution of the polymer while heat was applied to drive off
the solvent. This procedure can be conveniently carried out in a
Jacketed sigma-blade mixer so that the explosive will be constantly
mixed ard evenly coated while the solvent is being driven off.

Polymers which are insoluble in organic solvents are most
conveniently incorporated in the PBX in finely divided form. Dis-
persions or fine powders can be combined with the explosive by mixing
them in water &snd then filtering and drying. Dry blending of fine
polymer powders with HNS was possible in some cases. i

The above procedures were adequate for screening small betches
of PBX. For production guantities of PBXs the use of water emulsions
or dispersions .should be investigated since this would reduce or
eliminate the use of organic solvents. The procedure used to make
verious HNS/polymer molding powders is given in Appendix A.

6. Properties of HNS PBXs

Impact Sensitivity
As stated previously one of the functions of the plastic binder

s to desensitize the HNS to a level more consisient with those of

sandard secondary explosives. The impact machine is perhaps *+he .
most simple method of evaluating the impact sensitivity of an exp-
losive composition. 1In this test, a 2.5 Kg weight is dropped froma
preset height onto a 35 mg sample of explosive. A series c¢f drops
at different heights is made and a determination made at each height
whether or not a positive reaction has occurred. The result of the
test is a height in cm at whichtl e is a 50% probability that the
test explosive will react (reference L).

No single or series of sensitivity tests can provide a complete
picture of the complex reactions a giver explosive can undergo when
subjected to various stimuli. But thc impact machine test, when
carefully done, can prnvide much useful information on the impact
sensitivity of one explosive relative to & well-known, standard
explosive, This is esrecislly true when bith explosives have similar
chemical structures. Table 5 Jists NOL (Bruceton, ERL) impact machine
data for the HNS PBXs ag compared to some standard military explosives.
Since the particle size of the "as received" material was similar to
the particle size specified in the test, "as received" material was
used for the test samples. Table 5 also contains the densities ob-
tained by pressing these PBX molding powders.

Table 5 indicated that 10% of all the plastic binders evaluated,
with the possible exception of Viton A, satisfactorily desensitized
HENS above the Ccmp B level.
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Thermal Stebility and Compatibility
. When normally inert materiels are added to explosive compounds,

the properties of the mixture cannot be inferred from the properties
of each componeut. In the development of explosivc mixtures for u
specific application, two closely related requirements must be met.
First, the explosive system must be thermally stable at the maximum
conditions of s3torage and use. Second, the presence of one material
nust not interfere with the proper performance of another material
1n the system.

The vacuum thermal stability test is used to determine whether
one or more materials are thermally stable or cbemically reactive at
some specific temperature/time cycle, Compatibility encompasses
something more than a chemical rzaction between two or more materials.
For example, if a material in contact with & polymer is a good solvent
for the curing agent and thus prevents polymer cure.at the interface,
then the materials are incompatible even though no chemical reaction
“has occurred and no reaction products are.generated. The vacuum
stability test measures the amount of gaseous reaction products from
the thermal decomposition or chemical reaction of a single compouand
.or mixture of materials. Since some chemical reactions produce solid
-decomposition procucts, other stability tests may be used in con-
Junction with the vacuum stability test.

Table 6 lists the vacuum stability and compatibility data
_obtained for the HNS PBXs and a- number of other materials used or
proposed for use in the ALSEP Grenade piogram (reference 5). The
evolution of 2.0 ml gas/gm under the test conditions shown is
considered satisfactory. Also_ srown in Table 6 is the weight percent
change at a pressure of 1.3 x 10-2 N/m® and a temperature of 136°C.

The thermal stability aifd volatility of all the compositions
with the exception of the Nylon PBX was considered to be quite sstis-
factory. The thermal stability of neat HNS at 150°C was excellent.

7. HES/Teflon -PBX i

Based on its good overall vroperties, excellent machinability,
eage of pressing and the reproducible pressed densities obtained,
HES/Teflon (90/10) was chosen as the PBX fill for the ALSEP grenade.
A Trflon 30 water emulsion containing about 60% Teflon solids was
blended with the HNS to form the PBX moldirg powder by the procedure
shown in Appendix A. Several lots of molding pcwder made either at
NOL or by a privaete cortractor were analyzed for uniformity and the
data is given in Table 7. Lot 11138-25 was reblended into lot 11138-
25A to improve its uniformity. A pressed charge of HNS/Teflon (920/10)
was sectioncza as shown in Table 8 and several sections were analyzed.
The uniformity of both the molding powders and the pressed charges
was considered to be satisfactory.

Four sizes of explosive charges ranging in weight from 0.045 to
0.45h4 kg were made for use in the seismic grenade. Their dimensions

5
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are given ia Table 9. To illustrste the intricate machining required
a clear plastic model of the one pound charge is shown in Figure 1.
The four machined explesive charges are shown in Figure 2. A detailed
description of the procedures involved in the preparation of these
explosive charges is given in reference (6). Some miscellaneous
properties >f HYS/Teflon (90/10) explosive are given in Table 10.

The veriastion in lunar surface temperature over a 30 day period
-is shown in Figure 3. In an atitempt to determine the effect of Zhese
temperasture changes on HNS/Teflon charges, two explosive cubes weighing
195 and 319 g were cycled from -73.3 to +150°C at a rate of 3.3°C/hr
for twe complete cycies _(~12 days). Charges were held at the lowest
--&Rd "highest temperature for one hour during each cycle. Each time
tte test chamber was at ambient temperature, the samples were visually
examined for evidence of cracks or deformation. No significant change
in either test sample was apparent following the 12 day test. While
there were insignificant changes in several dimensions of the two
cubes, no weight loss or color change wvas noted.

8. LSPE Program

For use in the Apolio 17 program, NASA desired a more advanced
active seismic experiment as part of the Lunar Seismic Proliling
Experiment (LSPE). There were several major differences between the
two programs. First, the LSPE explosive charges were to be hand
Placed a known distance in relation to the geophone array permitting
& more accurate velocity measurement of the explosive shock wave.
Second, the 3 & A device was redesigned to improve safety ané reli-
abi*ity, (reference 7). Each set of explosive charges for the LSPE
progrem consisted of two 0.057 kg, two 0.11h kg, one 0.227 kg, one
0 45k kg, one 1.362 kg and one 2.T72h kg charges (Figure 4). The 2.72h
kg charge was in the shape of a cube, all the others vere cylinders.

9. HNS/Teflon Molding Powder

Since HNS/Teflon (90/10) pres.ed explosive charges were found to
be satisfactory in the previous ALSEP program, i%t was decided to use
the same explosive in the LSPE progranm.

A number of HNS/Teflon molding powder samples were made by the
same procedure used to prepare moiding powder for the previcus ALSEP
charges using Teflon 30 emulsion coagulated and precipitated with
acetone. Both prncessing problems (severe foaming ané flocculent
formetion upon addition of the acetone) and handling problems (the
dried molding powder was not a free-flowing powder but consisted of
numerous agglomerates) indicated that the preparation of large quanti-
ties of homogeneous and free-flowing HNS/Teflon molding powder
utilizing Teflon 30 emulsion wculd be difficult.

A revised procedure using mechanically blended mixtures of HNS

and finely divided Teflon powder was investigated. The procedure was
usec to prepare four batches of HNS/Teflon molding powder ranging from

6
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50 gm to S kg. As noted below:

a. The required quanxtities of HES and Teflon wvere weighed out
ard placed in a smooth-walled metel cylindrical drum. To insure
thorough mixing, the contents should displace a maxinum 1/3 of the
total volume of the drum. As an exemple, 540 gm of material can bde
processes in a 3 liter container. -

b. To aid in blending the powdered material 2.54 cn diameter
Teflon balls were placed inside the drum. For optimum mixing the sum
of the balls diameters shculd be about 1/2 the drum height. The 5 kg
batch (ID ik62) vas processed in a drum whose height was 10T cm;

22 2.54 cm diameter balls were used.

c¢c. MNMixing was accomplished by rolling the drum on & bell mill.
A rotational speed of 120 r.p.m. has been used for laboratory scale
preparation vith excellent results. The 5 kg batch (ID 1462) was
processed at 34 r.p.m. with equelly good results. Excellent homo-
geneity wvas attained after mixing for eight (8) hours.

d. The molding powder was then removed from the drum and vacuum
dried at 50°C for 2k hours. Two 3-gre» samples weire removed for
anaslyses. The molding powder was stored im dry, airtight conteiners
until pressed into cherges.

Preliminary results showved that explosive charges made from the
dry blended HES/Teflon molding powvder had a) similar sensitivity
properties; b) greater homogeneity; c) better mackining characteristics;
d) improved mechenical properties ard e) were easier to process than
similar explosive charges made by the o0ld procedure utilizing Teflon
30 emulsion.

The uuniformity is evidenced by two randoa sampl=as from the 5 kg
batch (ID 1h62), which were chemicelly anelvyzed to determine the amount
of Teflon in the molding powder. Results are gZven in Table 11.

The Teflon powder designated as Teflon TC gave the best results
and was selected for use in the new dry blending process. Tte
blending operations are described in (refcrerce 6).

10. Teflon Anelyses

The Teflon content had been previously run on the machinings
from the ALSEP project charges. These machinings were blended into
one lot (ID 1369} and then reblended to form a second lot (ID 1378).
Analyses for Teflon content were run on each of these blends. The
results show thaet a more uniform molding powder can be obtained using
Teflon 7C. Results of the analyses are also given in Table 11.

1ll. Simulant

One of the requirements of the prolect was to develop compositions
and manufacture inert simulator blocks for a NASA contractor to be
used in some of their in-plant tests. Jt was desirable that the
properties of the simulant be as similar as possible to HNS/Tetflon.
A numdber of =simulant compositions were developed and evaiuated in an



FOLTR T73-163

attempt to duplicate the properties of HNS/Teflon as closely as pos-
sible. The inert simulant composition selected was:

Melamine (Eastman 1540 or equivealent) 10.0 £ 0.5%
Teflon (Dupont TC) 24.0 £ 0.5%
Vinylidene fluoride resin (Pennwalt RC 2525) 6€6.0 £ 0.5%

The background and detaiis of the simulant development and
properties are given in reference 8.

12. impact Sensitivity

Impact sensitivities were run on samples of HNS/Teflon made with
Teflon 30 emulsion and Teflon 7C. The impact sensitivities of both
conpositaons were essentislly eqral.

13. Thermal Properties

Design considerations required that various other thermal proper-
ties be run on at least the final explosive. The thermal diffusivity
(from which the thermal conductivity was calculated) and specific
heats have been obtained for Tefloa (es & calibration material),
HES/Teflon 30, HNS/Teflon TC, and the inert simulant.

The thermal conductivity and spegific heat of the selected
simulant composition were 5.793 x 10”° cal/cm/sec-°C and 0.278 cal/
em/°C, respsctively. These compare favorably with the values of
5.636 x 10" cal/cm/sec-°C and 0.249 cal/cm/°C obteined for HNS/Teflon
7C (ID 1462) made from HNS (X580%) remaining from the ALSEP program.
The values for the various materials are given in Table 12.

14. Differential Thermal Analysis

Differential thermal analysis (DTA), described in reference (9).
is a method for observing the transitions and reactions that a sub-
stance undergoes on heating. The sample and the inert reference are
placed symmetrically in a furrace which is heated at a constant rate
The difference in temperature between the temperature and the inert
reference (AT) is observed as a function of furnace temperature.
When a reaction occurs, the change in the thermal properties of the
sample is inaicated by a deflection or peak.

The particular application in the HNS/Teflon work was to ascertain
the chemical stability of the mat.rial upon thermal heating ty observing
their phase transition. (either endothermic or exothermic) in the
temperature region of interest. A standard DTA setup was used for
this work.

. Differential thermel analyses were run on HNS (X756), HNS/Teflon
7C (X757 and ID 1462) and Teflon 7C. Heating rates of both 5°C/min and
10°C/min were used on all meterials except HNS/Teflon 7C (ID 1L46"),

% NOL magazine identification number.

8



NOL.R T3-163
which was run at only the 5°C/min heating rate.

All of the HNS a d HNS/Teflon samples showed a slight exotherm
(believed to be due t- decomposition) just prior to the endotherm
due to melting. "h: .emperature range of the initiation of the melting
point endotherm was ,11.5°C to 312.5°C for HNS (X756), 311.0°C to
311.8°C for HES/efloam TC (XT75T), and 325.5°C to 328.6°C for Teflon
7C. Details of the "'TA work are shown in Table 13.

15. Thermal Cycling (Design Limit)

For the LSI’E pr:grem NASA requested the following severe time/
temperature environr: ntal tests on the explosive package.

Reduce .empe.-ature from ambient to -73.3°C (0-3 hrs)
Raise teapernture to -40°C (3 - 6.5 hrs)

Raise tenperature to 121°C (6.5 - 11.5 hrs)

Reduce temperature to 88°C (11.5 - 16 hrs)

Reduce temperature to -73.3%2C (16 - 18 hrs)

Raise temperature to ambient 23.9°C (18 - 24 hrs)

The explosive packages were x-rayed before and after the thermal

shack tests. It wvas apparent from the radiographs following the tests
that cracking occurred in the larger charges. Further investigation
revealed that the LSPE charges above the 0.11h kg size showed various
degrees of crackinz brought about by the thermal cycling. (reference 10).

There is no eri¢ence to suggest that cracks in explosive charges
pose any safety or reliabilit hazards. The measured detomnation
velocity of cracked and scund explosive charges were the same. Based
on a test program comparing cracked and uncracked charges it was con-
cluded that cracked charges did not pose a safety problem and had no
effect on the proper functioning ¢f the explosive package.

16. Results

HNS/Teflon - loadel grenszds. packages were placed on the moon by
the Apollo 14 and 1€ as:roneruts. NASA's first tests of its ALSEP
moon~-grenade launcher left 1 the moen by Apollo 16 occurred on
23 May 1972 triggerea by .dio signals from the Spacecraft Center,
Houston. Three of the “our charges were launched and fired success-
fully. Following the ‘aunching of the third grenade, the mortar
package's pitch sen< r shifted to offscale high, indicating either
that the sensor hr failed or that one or more of the four stakes
anchoring the me. .ar to the luna" surface had pulled out of the ground
allowving the pz :kage to pitch up backward.

The fourth grenade containing the uS5Wg HNS/Teflon charge has
not been fired as yet o avoid any possible damage to the rest of the
ALSEP package. The Apollo 1k explosive charges have not yet been
launched to preven. possible damage to the other still-operating
experimentrs ir *he ALSEP package.
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The eight explosive charges emplaced on the moon by Apollo 17
astronauts for the LSPE program were detonated successfully by radio
after the astronauts left the lunar surface.

17. Conclusions

Under the severe envircnmental conditions imposed by the moon's
surface, HNS/Teflon explosive successfully performed its intended
function as part of the Apollo ALSEP and LSPE programs.
18. Recommendations

HNS/Teflon should be considered es a prime candidate for future

explosive applications involving unusually high temperatures and/or
very low pressures.

Acknowle“?gements
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Table 1
Properties of Selected Explosive Compounds
RDX HMX DATB TATB HNS
Crystal demsity, g/cm3 1.82 1.90 1.84 1.94 1.74
Melting point, °C (1) 20k 285-287 | 286 ~450 318
Vacuum Stability, ml gas/g/48 hrs
(100°C) 0.1 <0.1 <0.1 <0.1 <0.1
, ml gas/g/2 hrs
(260°C) * * 1.3 0.8 1.1
Detonation velocity, mm/usec (2) 8.64 9.11 7.6 7.76 T.02
(1.77) (1.89) (1.80) | (1.88) (1.70)
C-J detonation pressure, K bar(2) 338 387 (3) 259 291 (3) -
(1.767) | (1.90) (1.78) | (1.88)
Impact Sensitivity (50% nt,cm) ok 25 >320 >320 53

(l)Decomposition usually occurs at or near melting point

2)Number ir. parenthesis is charge density in g/cm

(3)Ca1culatef

#Exceeds capacity of apparatus

5
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Table 2

Explosive Vapor Pressures

Time Area* Wt. Loss Vapor Pressure
Compound T.{(°C) (hrs) (cm?) (6. x 103) (x107 mN/m2)
RDX 78.2 1200 0.791 20.79 10.5
97.7 Lo2 0.766 55.72 88.9
DATB 97.6 972 6.33 15.9 1.2
108.1 516 6.33 31.0 L.s
HMX 115.6 T.68 2.31 2.09 0.06
129.3 2430 2.31 4.83 0.4
TATB 161.4 1L4h0 2.31 29.0 k.3
177.3 Lk 2.3L4 49.16 22.3
HNS 177.3 L8on .33 22.9 0.3
206.3 1080 2.53 36.55 5.3

®*Surface area of sample

(A
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Properties of Selected DATB PBX Systems

Prorerties

Table 3

DATB-PBX with 5%

Teflon Kynar Lexan _
Melting point of binder (°C) 325(1) 170 268
Pressed density (% TMD) 98 98 98
Machinability Excellent Excellent Good
Compatability of binder with
DATB Excellent Excellent Excellent

Thermal cycling resistance S5+ 3 --(2)
(no. of cycles from -5L°C

to +71°C with no cracking)
Compressive strength 7000 9800 10800

(average) (psi)

(1) Amorphous gel above this temperature.

(2) Not tested.

7



Iradename

T=flon 30

Lexan
Kynar
Zytel 63

Viton A

Nylon 63

NOLTR 73-163

Table L

Polymeric Binders Evaluated

Composition

Water emulsion of polytetra-
fluoroethylene ’

Fulyrurbonate
Polyvinylidene fluoride
Alcohol soluble nylon

Copolymer of hexafluoropropylene
and vinylidene fluoride

Alcohol soluble polyamide

Chemlock 607T* Proprietary Adhesive

source

DuPont

General Electric Co.
Pennsalt Chem. Co.
DuPont

DuPont

DuPont

Hughson Chemical Co.

*Used in conjunction with Viton A

/%
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Table 5

Comparison of Polymeric Binders for HNS

Impact Sensitivity Pressed Density
Composition (¥ lding Powder) cm (g/em3) £TM™D
HQS (Control) 53 - -
HNS/Teflon (95/5) 64 - -
HES/Teflon (90/10) TT 1.7k 97.6
HNS/Lexan (90.10) 99 1.55 92.9
' HNS/Viton-A/Chemlock 94 1.77 98.8
- - (90/8/2)
HNS/Kynar (90/10) 84 1.71 98.3
HNS/Viton-A (90/1C} 53 1.70 97.1
HNS/Nylon (90/19) 183 1.63 99.4
Tetryl ko - M_
Comp B 60 - -
TNT 260 - -

7



Thermal Stability Tests
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Table 6

mnl gas/gm Time £ Wt. Change au
Compnsition (150°C) (deys) 1.3 x 10-2 K/m2
HNS/Teflon (90/10) <0.1 2 +0.06% in 10 days
<0.1 kb at 136°C
HNS/Lexan (90/10) <0.1 30 -
HNS/Kynar (90/10) 0.295 2 -
HNS/Nylon (90/10) 1.1 2 +0.13% in 10 days
at 136°C
HNS 0 100 -
ALSEP Propellant - - -0.15 in 6 days
(AP/Al/Viton-Teflon) at 177°C
HNS/Teflon/Epoxy Laminate 0.63 2 -
0070 7 -
HNS/Teflon/Silicone 0.17 3 -
Laminate
HNS/Teflon/Acrylic 0.13 2 -
Lacquer

20



Lot. No.

X 576
xs81

11138-2%

11138-25

11138-25

BOLTR 73-162

Table T
Molding Powder Analysis

HANS/Peflon 90/10

Sample % Teflon Remarks
- 10.86 5.5 1b Prepared at NOL
Al 9.67 Prepared by contractor
A2 9.3h 36 1v
A3 10.03
9.68 & 0.23 average
Bl 10.59 Prepared by contractor
B2 9.48 73 1b Before blending
B3 T.91
Bh 12.42
10.10 = 1.38 average
Top 12.6h Prepared by cortractor
Middle 11.12 50 1b After blending
Bottom 10.16

11.31 + 0.89 average

a/
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Table 8

Analysis of Sectioned Charge

- ‘]2"9 -vl
/ / / :
1. 2 3* b }
5 € w 7 8 * 1"
9 % 10 11 12 {
Sample No. % Teflon
1 9.78
3 9.66
6 9.26
9 10.44
11 9.68
Average 9.75 £ 0.24

A4
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Table 9

Bxplosive Charges for Seismic Grenade

Nominal Weight

Gross Dimensions

(km) (kg) {cm)
1.50 km grenade 0.Lksk 6.825 x 6.825 x 6.033
0.915 km grenade 0.272 6.825 x 6.825 x 3.650
0.305 km grenade 0.136 6.825 x 6.825 x 1.905
0.153 km grenadé 0.045 3.81 x 3.81 x 1.905
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Table 10

Some Properties of HNS/Teflcn (90/10) Explosive

Property

Density, g/cm3 1.70 - 1.7k
Detonation velocity, m/sec (p=1.T70) T000
Compressive Strength, g/cm2 1.1882x10°
Young's Modulus, g/cm? 66.9x105
Inpact Sensitivity, 50%f point, cm 17

34



HNS/Teflon 30 (90/10)

ID 1368
Sample #1

Sample #2

ID 1378
Sample #1

Sample #2

HNS/Teflon TC (90/10)
ID 1462
Sample #1

Sample #2

NOL

Teflon Analyses

14.73

11.26

11.16

10.61

9.75

1C.05

TR 73-163

Tadble 11

Percent Teflon

12.81

11.2h

11.35
10.47

10.11

10.20

35

11.59

Average

Average

Average

13.04

11.26
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Table 12

Thermal Properties

Thermal Specific Thermal
Diffusivity Densit Heat Conductivity

cm?2/sec g/en cal/em/°C cal/cm/sec~°C
HNS/Teflon-30 L
Machinings 1.39 x 10-3 1.676 0.250 5.802 x 10~
ID 1368
HNS/Teflon TC  1.34 x 10°3 1.689 0.249 5.636 x 10-%
Teflon 3 L
Machined Rod 0.94 x 10~ 2.207 0.259 5.392 x 10~
Simulant #20 1.22 x 10'3 1.708 0.278 5.793 x lO'h

36



Material

HNS (XTS6%)

Teflon TC

HNS/Teflon 7C
(XT57%)

HNS/Teflon 7C
(ID 1462)

NOLTR 73-163

Table 13

DTA Analyses

Program Rate Number of Temperature
(°C/min) Samples Range (°C)

5 1l 311.5
10 1 312.5

5 2 325.5 - 328.6
10 1 327.3

5 L 311.0 - 311.8
10 1 311.8

5 2 311.5 - 312.3

®*NOL Magazine identificetion number
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Appendix A
Preperation of PBX Molding Powder

Procedure for HNS/Kynar

HNS 1350 gm 90%
Kynar resin 150 gm 10%
Acetone 7,000 ml

Distilled water 12,000 ml
(a) Dissolve the resin in acetone under reflux.

(b) With vigorous stirring, add the HNS to the resin
solution and stir for 10 minutes

(c¢) Add the water and stir for 10 minutes more.
(d) Filter and wash with water.

(e) Dry molding powder at 80°C for L-6 hours.

Procedure for HNS/Teflon 30

HNS 1350 gm 90%
Teflon 30 (60% solids) 250 gm 10%
Distilled water 4500 ml
Acetone 3600 ml
{a) Add HNS to the water and stir vigorously for 5 minutes.
(b) AdAd Terlon dirpersion and stir for 5 minutes.
(¢) Add acetone and stir for 10 minutes.
(d) Filter and wash with water.

(e) Dry at 80°C for L4-6 hours in vacuum oven.

Y 4%
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Procedure for HNS[Lexan

HNS 4S50 gm
Lexan 50 gm
Methylene chloride 600 ml
Distilled water 2400 ml

(a) The Lexan is dissolved in methylene chloride

(b) The HNS is added to the water which has been
50°C and the slurry is stirred vigorously.

(¢) The solution of Lexan is added slowly to the
and the stirring continued until the solvent has been

90%
10%

under reflux.

heated to

stirred siurry
driven off.

(d) The molding powder is filtered, washed with water and dried

for L-6 hours at 80°C in a vacuum oven.

AT



